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Abstract

The initial steps involved in the establishment of a data lake 
(Laguna) were delineated. This data lake was fed with structured 
data from the data ecosystem of the Brazilian Current Research 
Information System (BrCris). The data lake was developed to 
manage scientific information and aggregate this content into 
an accessible system. A substantial amount of data was collected 
and processed across five phases: (1) collection; (2) selection and 
separation; (3) transformation and connection; (4) organization, 
classification, and indexing; and (5) retrieval and visualization. 
The study utilized a range of data extraction methodologies on 
disparate platforms, employing SQL or API to facilitate the pro-
cess. A set of scientific journals was identified through a process 
of stratification, with the highest percentage belonging to the A1 
category. The initial integration of OpenAlex and DOAJ data was 
conducted, marking a significant milestone in the development 
of the platform. The author data were disambiguated and cross-
checked by DOI to identify citing and cited authors. A comprehen-
sive set of relevant data was obtained to facilitate the formula-
tion of robust inferences, including the standardized number of 
journals by stratification, the integration between disparate da-
tabases such as OpenAlex and DOAJ, the ontological system em-
ployed to address the disassociation of authors, and the represen-
tation of the cited author before journals and future authorities.

KEYWORDS: data gap, data interoperability, scientific information manage-
ment, academic databases

HOW TO CITE: Luís Ribeiro de Carvalho Segundo, W., Lorensi do Canto, F., 
Neubert, P. da S., Luiz Pinto, A., & González-Valiente, C. L. (2025). Structuring a 
data lake for the management of scientific information in Brazil. In A. Semeler 
(Ed.), Artificial Intelligence and Data Science Practices in Scientific Development, 
Advanced Notes in Information Science, volume 8 (pp. 122-143). Pro-Metrics: Tallinn, 
Estonia. DOI: 10.47909/978-9916-9331-4-5.112.

COPYRIGHT: © 2025 The author(s). This article is distributed under the terms 
of the CC BY-NC 4.0 license, which permits copying and redistribution of the 
material in any medium or format, adaptation, transformation, and building 
upon the material, provided that the license terms are followed.



124 | Advanced Notes in Information Science: Practices in Scientific Development | vol. 8

1	 Introduction

This research is supported by two projects: Laguna de Datos and 
the Brazilian Current Research Information System (BrCris; Pinto 
et al., 2022). These projects are overseen by the research group 
Brazilian Scientific Research Ecosystem Laboratory (LaEPeCBr, 
in Portuguese). The objective of this initiative is to establish a 
data lake structure within Brazil, with the aim of supporting 
open data systems and ecosystems within the Brazilian Institute 
for Research in Science and Technology (IBICT, in Portuguese; 
Dias et al., 2022; Segundo et al., 2022). A significant challenge 
confronting Brazilian science and technology institutions per-
tains to the heterogeneity of the data recovered, characterized by 
a lack of cohesive structures. The construction of the IBICT data 
lake structure aims to address this challenge (Segundo & Sena, 
2023). Concurrently, it aspires to function as a dependable re-
pository for novel research data derived from the BrCris project. 
BrCris is an ecosystem that encompasses a comprehensive array 
of information and scientific findings. It employs sophisticated 
algorithms to derive indicators and metrics from recommenda-
tion systems, facilitating the identification of four distinct cate-
gories of specialists and specialties (Figure 1).

Figure 1.	 BrCris’ webpage. Source. https://brcris.ibict.br

Laguna is defined as a system or repository of data stored in its 
natural format without processing (Ravat & Zhao, 2019). This 
system constitutes a unified repository of data derived from pro-
cessed, statistical, and social systems. The objective of this system 
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is to transform, use, replicate, analyze, learn, and visualize the 
data in a manner that is accessible to all individuals involved 
in the systems, including system builders, operators, and users 
(Nargesian et al., 2019; Oliveira & Martins, 2022). The concept of 
context encompasses structured, semi-structured, and unstruc-
tured data, as well as image, audio, and video data. This type of 
data is referred to as “binary data” (Silberschatz et al., 2011). The 
data lake structure is predicated on six levels: (1) a management 
layer, (2) data access, (3) data collection tools, (4) various data re-
positories, (5) databases, and (6) a dashboard system so that the 
community has access to the contents (John & Misra, 2017; Valles-
Coral et al., 2023). A data lake is defined as an extensive collection 
of datasets that can be stored in different systems (Giebler et al., 
2019; Gontijo et al., 2021; Netto & Pinto, 2022). It is important to 
note that these data may be presented in a variety of formats and 
subject to change over time. The system generates autonomous 
operating systems, more appropriate reports, and predictive 
analyses for institutional needs. The data lake is a system that 
serves to structure a set of data according to its format specifi-
cation, breakage of contents, content reformat, and data format. 
It also establishes dataset instances and connections, generates 
systems to qualify data and their contents, schedules, views, and 
accesses various data content (Coimbra & Dias, 2021; Segundo & 
Sena, 2023; Sousa & Shintaku, 2022). This particular data lake is 
employed by a diverse array of institutions, including companies, 
governments, and scientific-technological agencies.

The primary objective of its implementation is to ensure that 
the data are presented and stored in a scalable structure, with ex-
ecution systems organized in clusters. These systems are required 
to process and store a substantial volume of data concurrently, 
in addition to executing these processes with open-source soft-
ware and independently of file size. These systems are designed 
to collect potential data, identify user needs, monitor user be-
havior, detect fraud and data risks, manage marketing systems, 
analyze competition, and customize data demand. The objective 
of this initiative is to establish a data repository, designated as 
Laguna, which will serve as a foundation for the BrCris ecosys-
tem. The specific objectives are as follows: (1) to incorporate sta-
tistical data, data aggregation APIs, and visualize certain sci-
entific inferences, (2) to categorize scientific journals according 
to the Brazilian class identification model (Qualis/Capes), (3) to 
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identify open-access data crossover, (4) to perform author disam-
biguation for a more accurate representation of scientific data, 
and (5) to cross-reference the data by DOI to identify the degree 
of citations.

2	 Design and Methodology

This research employed sophisticated computational methodolo-
gies for the management, structuring, and examination of infor-
mation. This was done to obtain searchable, accessible, interop-
erable, and reusable datasets. The dataset has been meticulously 
collected, selected, transformed, and linked for the purpose of 
data processing. Subsequently, the data were methodically or-
ganized and indexed, and then retrieved and rendered visually 
on the BrCris platform. As a mining processing technique, six 
phases of data crossing were used: (1) understanding the scien-
tific environment, (2) understanding of the data to be worked on, 
(3) preparation of these data, (4) mathematical modeling of these 
data, (5) evaluation of possible applicable models, and (6) gener-
ation of a data production system.

2.1	 Data treatment model

The data lake is defined as a collection of data that has been me-
ticulously gathered from repositories and databases of recog-
nized pertinence within the domains of science, technology, and 
innovation. The study focused on the direct engagement with the 
localization, accessibility, interoperability, and reuse of datasets, 
aligning with the FAIR Principles (Wilkinson et al., 2016). The fol-
lowing sources were consulted: OpenAlex, Wikidata, CrossRef, 
OpenCitations, OpenAIRE Research Graph, ISSN Portal, Latindex, 
DOAJ, Google Scholar Metrics, Plataformas Lattes and Sucupira, 
Oasisbr, and BDTD. The datasets obtained from these sources 
were then subjected to various analytical procedures, including 
advanced artificial intelligence techniques, real-time analytics, 
machine learning algorithms, dashboards, and visualizations. As 
the main results, we obtained:
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1.	 Collection: We employed public APIs and search and ex-
traction tools available in repositories and databases that ful-
ly or partially complied with the FAIR Principles. In addition, 
tools were developed for the purpose of extracting data from 
complex sources (do Carmo & da Silva Lemos, 2022). The uti-
lized protocols encompassed the transmission and reception 
of messages through Representational State Transfer (REST) 
interfaces, with calls facilitated by HyperText Transfer 
Protocol (HTTP). This was done to obtain responses from 
documents in JSON format. Furthermore, the Open Archives 
Initiative Protocol for Metadata Harvesting (OAI-PMH) 
protocol is employed, with HTTP calls and responses in the 
form of eXtensible Markup Language (XML) in accordance 
with various standards. In accordance with the tenets of the 
OAI—Dublin Core, we have obtained responses in more ge-
neric models, such as the Resource Description Framework 
(RDF), which exhibits a high degree of expressiveness.

2.	 Selection and separation: The subsequent filtration and cat-
egorization processes were then executed. Ancillary infor-
mation for the collection was eliminated. The collected files 
were dismembered into the different types of entities de-
scribed in their content, which, in this study, are referred to 
as “payloads.”

3.	 Transformation and connection: Adaptations and validations 
were generated, as well as the establishment of relation-
ships with records from other sources. A record obtained 
from source A exhibited a shared attribute with a record 
from source B, thereby enabling the establishment of a link 
between the two with a certain degree of reliability. The in-
tegration of the other record attributes resulted in the for-
mation of a comprehensive, unified record. The process of 
duplication was eradicated.

4.	 Organization, classification, and indexing: The data that under-
went classification served as the foundation for construct-
ing search interfaces, web services, and visualization pan-
els. The retrieval process involved the use of search facets in 
unstructured textual fields, encompassing full text, through 
actions such as tokenization and stemming.
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5.	 Retrieval and visualization: The indicators were developed 
to facilitate the visualization of these metrics on the dash-
boards. The utilization of visualization tools resulted in 
the generation of collaboration networks, geospatial data, 
time series, and dynamic tabulation schemes. The semantic 
model employed in this study adhered to international stan-
dards. These systems were found to be compatible with those 
employed in other countries to achieve advanced levels of 
interoperability.

3	 Results

The results of the study are derived from the information sources 
outlined in the methodological framework. The SQL extractions 
used to identify journal priorities by the Brazilian graduate sys-
tem were as follows:

3.1	 Sucupira Platform to identify the journals 
and the potential of their indicators

SELECT *
FROM (
SELECT sources.abbreviated_title, sources.alternate_titles, 

sources.apc_prices, sources.apc_usd, sources.cited_by_
count, sources.country_code, sources.counts_by_year, 
sources.created_date, sources.display_name, sources.
homepage_url, sources.host_organization, sources.host_
organization_lineage, sources.host_organization_name, 
sources.id, sources.ids, sources.is_in_doaj, sources.is_oa, 
sources.issn_l, sources.publisher, sources.publisher_id, 
sources.societies, sources.summary_stats, sources.type, 
sources.updated_date, sources.works_api_url, sources.
works_count, sources.x_concepts, qualis.issn, qualis.titu-
lo, qualis.area_avaliacao, qualis.estrato

 FROM laguna.sources, laguna.qualis
 WHERE sources.type = ‘journal’
 AND array_contains(sources.issn, qualis.issn)
 ) LIMIT 5
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3.2	 Google Metrics to identify scientific 
journals’ h5 mean and median

root
 |	���title: string (nullable = true)
 |	���issn: string (nullable = true)
 |	���doi_example: string (nullable = true)
 |	���title_gsm_2022: string (nullable = true)
 |	���h5_2022: string (nullable = true)
 |	���med_h5_2022: string (nullable = true)
 |	���url_2022: string (nullable = true)
 |	���title_gsm_2021: string (nullable = true)
 |	���h5_2021: string (nullable = true)
 |	���med_h5_2021: string (nullable = true)
 |	���url_2021: string (nullable = true)
 |	���title_gsm_2020: string (nullable = true)
 |	���h5_2020: string (nullable = true)
 |	���med_h5_2020: string (nullable = true)
 |	���url_2020: string (nullable = true)
 |	���title_gsm_2019: string (nullable = true)
 |	���h5_2019: string (nullable = true)
 |	���med_h5_2019: string (nullable = true)
 |	���url_2019: string (nullable = true)
 |	���title_gsm_2018: string (nullable = true)
 |	���h5_2018: integer (nullable = true)
 |	���med_h5_2018: integer (nullable = true)
 |	���url_2018: string (nullable = true)
 |	���title_gsm_2017: string (nullable = true)
 |	���h5_2017: string (nullable = true)
 |	���med_h5_2017: string (nullable = true)
 |	���url_2017: string (nullable = true)
 |	���title_gsm_2016: string (nullable = true)
 |	���h5_2016: string (nullable = true)
 |	���med_h5_2016: string (nullable = true)
 |	���url_2016: string (nullable = true)
 |	���title_gsm_2015: string (nullable = true)
 |	���h5_2015: string (nullable = true)
 |	���med_h5_2015: string (nullable = true)
 |	���url_2015: string (nullable = true)
 |	���title_gsm_2014: string (nullable = true)
 |	���h5_2014: string (nullable = true)
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 |	���med_h5_2014: string (nullable = true)
 |	���url_2014: string (nullable = true)
 |	���title_gsm_2013: string (nullable = true)
 |	���h5_2013: string (nullable = true)
 |	���med_h5_2013: string (nullable = true)
 |	���url_2013: string (nullable = true)

3.3	 OpenAlex to identify annual, 2-year, i10, and APC payments

root
 |	���display_name: string (nullable = true)
 |	���issn: string (nullable = false)
 |	���issn_l: string (nullable = true)
 |	���2yr_mean_citedness: double (nullable = true)
 |	���h_index: long (nullable = true)
 |	���i10_index: long (nullable = true)
 |	���currency: string (nullable = false)
 |	���price: string (nullable = false)
 |	���apc_usd: long (nullable = true)
 |	���country_code: string (nullable = true)

With regard to the other databases, data recovery is achieved 
through extraction in CSV or JSON. As the primary source of in-
formation, we have OpenAlex, which is developing a journal rec-
ommendation system within BrCris, the final expression of the 
scientific index process. Given the substantial volume of data, we 
have implemented a data transformation process with Laguna, 
whereby we extract the raw data from their various sources and 
subsequently integrate them into BrCris. This approach was ad-
opted to ascertain the most pertinent journals in the field. For in-
stance, in the context of searching for a subject within the domain 
of journals (bibliometrics), there is often a multitude of varia-
tions in titles, which can pose a significant challenge. The Laguna 
mechanism facilitates this process, particularly through the in-
corporation of indicator options that are integrated into the sys-
tem. Suppose that the search came up with 10 journal titles, such as 
Em Questão, Informação & Sociedade: Estudos, Perspectivas em Ciência 
da Informação, Encontros Bibli: Revista Eletrônica de Biblioteconomia 
e Ciência da Informação, Transinformação, Movimiento, Revista de 
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Pesquisa Cuidado é Fundamental Online, AtoZ: Novas Práticas em 
Informaçãoo e Conhecimento, Ciência e Saude Coletiva, and Revista de 
Saúde Pública, and we need to know which one has the most publi-
cations on the subject. Subsequently, these metrics can be utilized 
in decision-making processes, with considerations given to the h5 
mean or median, APC, and response time from the submission of 
the article to the receipt of an acceptance or rejection. The indices, 
which have been completed by Laguna and subsequently migrat-
ed to BrCris, can assist in determining a recommendation system. 
In the context of a system for journals, this technology can be uti-
lized by editors to enhance the indexing of their periodicals. With 
regard to technological systems, such as patents, there is poten-
tial for enhanced accessibility for scientists.

The crux of the issue with the Laguna system is the absence 
of data transformation metrics, as the data are derived directly 
from the original sources. However, certain components of these 
sources are utilized, leading to the observed limitations. For in-
stance, in the context of OpenAlex, the system has already devel-
oped a subset of the relevant metrics. The proposed solution in-
volves the incorporation of recommendation systems. The study 
utilizes data from Google Scholar Metrics and the quality system 
of the Sucupira Platform. The ultimate objective of this study is 
to create indicators with the data recovered from information 
sources of magazines, theses, patents, and editorial content:

•	 Scientific production: We have some indices that can be 
managed, such as: (1) response time from submission to 
publication, (2) average H-5, (3) median H-5, (4) publica-
tion rate, (5) journal editorial committee—national or in-
ternational, (6) inbreeding for Brazilian journals, and (7) 
languages of publication.

•	 Theses: We have the indices of (1) genealogy up to 11 levels, 
(2) regional orientation, (3) parents scientifically, (4) sub-
ject matter experts in guidance, and (5) thematic special-
ists in position shares.

•	 Patents: We can look at the system by (1) citations received, 
(2) quotes made, (3) concession and renewal, (4) patent 
family, (5) triadic, and (6) classification.
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•	 Editorial systems: We have: (1) average H-5, (2) median 
H-5, (3) degree of endogamy, (4) production of doctors, (5) 
production of teachers, and (6) APC billing.

The visualization of this data is represented by priority indices 
within the BrCris dashboard, which is the output of all these 
indicators.

3.4	 Scientific journal

First, the records of scientific journals were cross-referenced 
using data extracted from OpenAlex and part of the contents of 
the Sucupira Platform, which is related to the Brazilian journal 
evaluation system Qualis/Capes. The enriched set of journal data 
was integrated into the BrCris platform, rendering it accessible 
for consultation and data visualization via a file. The file desig-
nates the journals as A1, A2, A3, A4, B1, B2, B3, B4, and C, thereby 
assigning them importance commensurate with that of the afore-
mentioned journals. Figure 2 illustrates the distribution of jour-
nal classification strata within the Qualis system.

Figure 2.	 Dashboard of the journals in BrCris. Source. 
https://brcris.ibict.br/vivo/revistas.
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3.5	 Open-access data crossing

A cross-referencing process was conducted between data from 
OpenAlex and DOAJ and data from journals evaluated in the 
Qualis/Capes system. The variables that were identified during 
the course of this study included the percentage of open-access 
journals and the cost of APC by stratum and evaluation area. This 
dataset represents the initial phase of a cost foresight project 
that aims to develop a model of transformative agreements for 
Brazilian scientific production. A set of journals was selected for 
this study, and five impact indicators were previously calculated 
using data from open platforms. The indicators employed in this 
study include the 2yr_mean_citedness (average citations per arti-
cle in 2 years), the h-index, and the i10 index, which were extract-
ed from OpenAlex. Additionally, the h5 index and the h5 median 
were retrieved from Google Scholar Metrics. Subsequently, data 
analysis from open-access journals was carried out by cross-ref-
erencing data between the Sucupira, DOAJ, and OpenAlex plat-
forms. The percentage of open access and the price of APC rates 
of the journals evaluated in Qualis/Capes (2017–2020) were 
identified, and the final data were quantified by stratum and 
evaluation area (Witt & Silva, 2022). Table 1 presents the mean 
APC price of journals by Qualis evaluation stratum. It has been 
observed that the APC price is elevated in journals of stratum A, 
particularly in stratum A1, which predominantly encompasses 
journals of heightened prestige and scientific rigor.

Table 1.	 APC  price of Qualis journals by evaluation stratum.

Qualis evaluation stratum Average price of APC  (USD)
A1 3,403.66
A2 1,970.80
A3 1,834.80
A4 1,339.99
B1 849.38
B2 942.09
B3 1,264.95
B4 714.58
C 1,358.25
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Table 2.	 Presents the mean APC  price of journals 
by Qualis evaluation area.

Evaluation areas Average price of APC  (USD)

Anthropology/Archeology 2,675.68
Astronomy/Physics 2,669.72
Biological Sciences II 2,564.35
Materials 2,552.01
Computation Science 2,551.37
Biological Sciences III 2,547.07
Biological Sciences I 2,546.87
Engineering IV 2,518.90
Chemical 2,503.10
Political Science and International Relations 2,493.76
Engineering III 2,490.44
Mathematics/Probability and Statistics 2,490.40
Pharmacy 2,478.94
Engineering II 2,477.49
Medicine I 2,465.79
Medicine II 2,458.12
Medicine III 2,451.72
Architecture, Urbanism, and Design 2,444.74
Economy 2,422.27
Engineering I 2,392.18
Collective Health 2,370.94
Biotechnology 2,356.84
Interdisciplinary 2,355.33
Psychology 2,344.39
Public and Business Administration 2,305.44
Physical Education 2,300.72
Geosciences 2,287.76
Nutrition 2,260.39
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Evaluation areas Average price of APC  (USD)

Biodiversity 2,249.48
Food Science 2,236.70
Sociology 2,221.95
Art 2,217.97
Veterinary Medicine 2,217.24
Dentistry 2,206.19
Agricultural Sciences I 2,197.00
Geography 2,194.22
Law 2,187.16
Nursing 2,184.24
Communication and Information 2,166.03
Environmental Sciences 2,162.37
Linguistics and Literature 2,118.91
Teaching 2,041.29
History 2,018.79
Zootechnism/Fishing Resources 2,000.49
Urban and Region Planning/Demography 1,871.05
Philosophy 1,808.08
Education 1,780.46
Sciences of Religion and Theology 1,719.75
Social Service 1,232.25

The observation revealed that the average price of APCs was no-
tably higher in journals within the domains of Exact and Natural 
Sciences, Engineering, and Technology. Conversely, in the Human 
Sciences, Social Sciences, and Arts, the APC cost of journals is 
lower. Furthermore, a cross-referencing process was conduct-
ed between the h5 index of Google Scholar Metrics, OpenAIRE, 
and DOAJ. The initial dataset, pertaining to journals indexed in 
OpenAIRE, encompasses 15,366 titles, and the distribution of their 
h5-index values is illustrated in Figure 3.
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Figure 3.	 H5 index of journals indexed in OpenAIRE.

The second set included 9,722 open-access journals indexed in 
DOAJ (Vilas Boas et al., 2023), with ranges of h5-index values 
described in Figure 4. These data can be used to prepare studies 
on open access and transformative agreements in Brazil, as well 
as possible activities to be carried out in the project’s subsequent 
phases.

Figure 4.	 H5 index of journals indexed in DOAJ.
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3.6	 Author disambiguation

A significant challenge in the management of extensive collec-
tions of academic and scientific records pertains to the process of 
name disambiguation. To address this challenge, OpenAlex data 
are being integrated with the Lattes Platform, a Brazilian data-
base that contains researchers’ CVs (Mascarenhas et al., 2021). In 
the initial data cross-reference, approximately 100,000 authors 
with ORCID records in both sources were identified and extracted. 
This process facilitates the validation of author records and the 
expansion of the collaboration networks presented in BrCris, as 
illustrated in Figure 5.

Figure 5.	 Semantic visualization of authors in BrCris.
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3.7	 Data crossing by DOI

Finally, OpenAlex data were extracted from nearly 5 million pa-
pers registered with DOIs in Lattes syllabi. The objective of this 
study was to analyze the existing data in order to identify a sys-
tem of citations and cited references. The analysis entailed the 
identification of several key elements, including cross-citations 
of editors, the impact of journal citations, and the academic 
development of certain institutions within high-impact jour-
nals. The release of AWS credits from the call of the National 
Council for Scientific and Technological Development (CNPq, in 
Portuguese) initiated the training of project team members to 
configure Laguna’s cloud infrastructure. The Laguna data were 
subsequently uploaded to the cloud server, and testing com-
menced using AWS processing and analysis tools. Among the 
tests carried out, the SageMaker notebook demonstrated a nota-
ble performance. This is a tool for developing machine learning 
models. The efficacy of the tool was ascertained through a cita-
tion analysis model that focused on scientific journals (Figure 6) 
and the subsequent generation of a network (Figure 7).

Figure 6.	 Figure 6. Test of the scientific journal citation analysis model.
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Figure 7.	 Network generated in testing the scientific 
journal citation analysis model.

4	 ConclusionS

In this study, we constructed the attributes constructor and pro-
ceeded to formulate a data lake model. The objectives that were 
previously outlined have been met, and the data serve as the 
foundation for the BrCris. The data lake is utilized for the pro-
cessing of substantial datasets, encompassing both rationing 
and metrics. The development of certain APIs facilitated the ex-
traction process. Consequently, the development of recommen-
dation systems and the visualization of information in graph 
models and analytical graphs have become a reality. These initial 
findings may serve as a foundation for the development of novel 
research opportunities in the field of Brazilian ecosystems. The 
subsequent dataset is anticipated to be more extensive and dy-
namic, incorporating artificial intelligence and machine learn-
ing to facilitate the automated processing and indexing of data 
for aggregation within the BrCris framework. In contemplating 
the imminent future, it is anticipated that this technology will 
facilitate the generation and organization of data, thereby en-
abling the expeditious acquisition of information essential for 
effective decision-making. This initiative will be expanded to 
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encompass a broader range of disciplines, including patent data, 
technical production, and other scientific information types. The 
advantage of BrCris is that, regrettably, it is incapable of process-
ing a significant amount of data, a capability that is possessed 
by Laguna. This phenomenon can be attributed to the fact that 
the systems in question—both hardware and software—were de-
signed with this specific purpose in mind. The system is equipped 
with an AWS account, which facilitates the hosting of data across 
all levels. The Laguna serves to unify data in Brazilian science and 
technology, given that suppliers and services employ divergent 
methods. The primary function of the data lake is to develop the 
harmony of these data, a flexible model, and real-time machine 
learning. This approach ensures the accessibility and currency of 
the data, facilitating compatibility across a range of platforms, 
systems, programs, and tools.
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